• Premise of the study: We developed simple sequence repeat (SSR) markers to facilitate population genetic studies on kānuka (Kunzea spp.; Myrtaceae).
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The genus Kunzea Rchb. includes more than 60 shrub or small tree species from the Myrtaceae family endemic to New Zealand and Australia (WCSP, 2017) . New Zealand Kunzea (kānuka) has recently been revised (de Lange, 2014) Restricted geographic distribution and commercial use of these species (nectar for honey production and essential oils) have created a strong interest in their population genetics, but low genetic variation between these species makes phylogenetics difficult (de Lange, 2014) . We used next-generation sequencing to develop novel simple sequence repeat markers (SSRs) for New Zealand Kunzea species. SSRs offer resolution of closely related species and populations while requiring short development time and low costs, and allow sample additions retrospectively. These markers will facilitate the generation of a national-scale population genetics data set to improve biodiversity and production management of kānuka.
METHODS AND RESULTS
Molecular markers for Kunzea species were prepared following the method of Abdelkrim et al. (2009) , with modifications. Total genomic DNA was extracted from 100 mg of fresh leaf material of K. robusta (CHR641860; Allan Herbarium [CHR] , Lincoln, New Zealand) using the DNeasy Plant Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer's instructions. With 410 ng of this DNA, a shotgun sequencing library was constructed for a Roche 454 Junior Genome Sequencer, a large-scale pyrosequencing system (Roche, Basel, Switzerland) at the Landcare Research Molecular Laboratory (Auckland, New Zealand). An average read length of 416 bp was obtained for 197,805 reads and a total yield of 82.3 Mb of sequence. We deposited the data in the Sequence Read Archive (SRA) of the National Center for Biotechnology Information (NCBI; accession no. SRR5342717). Di-to hexanucleotide repeat regions with at least four repeat units were identified with MSATCOMMANDER 0.8.2 (Faircloth, 2008) . Primers were designed using Primer3 (Rozen and Skaletsky, 1999) , implemented in MSATCOMMANDER, with the following specifications: 80-550 bp amplicon length, repeat units flanked by ≥50 bp, and 57-62°C melting temperature (Faircloth, 2008) . From a total of 3174 putative simple sequence repeat regions, 96 primer pairs, providing a range of product sizes and repeat units, were screened. Adding an M13F tag (TGTAAAACGACGGCCAGT) to the 5′ end of the forward primers enabled the use of 6-FAM-labeled M13F probes in the second step of the PCR for economic genotyping (Schuelke, 2000; Abdelkrim et al., 2009) .
All primer pairs were tested on K. robusta (sample used for library construction: CHR641860) and another four specimens: K. robusta (CHR688818), K. serotina (CHR641385), K. ericoides var. linearis (CHR553091), and K. toelkenii (CHR550085). DNA was extracted from 20 mg of dried leaf material using the NucleoSpin Plant II kit (PL1 lysis buffer; Macherey-Nagel, Düren, Germany) following manufacturer's instructions, resulting in 200-800 ng of DNA per sample. PCRs were performed in 15-μL reactions, containing 5-50 ng of DNA, and final concentrations of 0.08 μM forward primer, 0.32 μM reverse primer, 0.32 μM 6-FAM-labeled M13F primer, 1× KAPA plant PCR buffer with dNTPs, 0.3 units KAPA3G Plant DNA Polymerase (Kapa Biosystems, Wilmington, Massachusetts, USA), and PCR-grade H 2 O. Thermocycling was conducted on the Bioer GenePro thermocyler (Bioer Technology, Hangzhou, Zhejiang Province, China) using the following conditions: initial denaturation at 95°C for 5 min; 30 cycles of 95°C for 20 s, 55°C for 15 s, and 72°C for 30 s; followed by 10 cycles of 95°C for 20 s, 51°C for 15 s, and 72°C for 30 s; and final extension at 72°C for 10 min. Five-microliter PCR products were separated on 2.5% agarose gels. Concentration of PCR products was adjusted, and 1 μL added to 10 μL Hi-Di formamide (Applied Biosystems, Carlsbad, California, USA) and 0.2 μL GeneScan 600 LIZ Size Standard (Applied Biosystems). Samples were separated on a 3500xl genetic analyzer (Applied Biosystems) using a DS-33 dye set at the Landcare Research Molecular Laboratory. GeneMarker version 2.6.4 (SoftGenetics, State College, Pennsylvania, USA) was used for fragment sizing and scoring. After assessment of polymorphism and repeatability of each locus, 24 of the 96 loci tested produced diagnostic fragments with a maximum of two alleles per specimen.
PCRs were optimized for the integration of labeled forward primers (6-FAM, NED, VIC, or PET) to allow multiplex genotyping, and the M13F tail was omitted (Table 1) . PCR reactions were set up as described above, omitting unlabeled forward primers. Thermocycling conditions were adjusted to: initial denaturation at 95°C for 5 min; followed by 35 cycles at 95°C for 20 s, 55°C for 15 s, and 72°C for 30 s; and a final extension at 72°C for 10 min. All 24 loci Table 2 ). The developed kānuka SSR markers cross-amplified in all 10 Kunzea species and produced polymorphic bands in most species. Monomorphic bands were obtained for allele Kanuka9 for K. toelkenii. Kunzea triregensis, for which only one sample was available, resulted in two alleles for seven loci. The 10 to 32 individuals of the remaining nine Kunzea species produced eight to 24 alleles per locus (Table 1 ) and the mean observed and expected heterozygosity per locus across the species ranged from 0.18 (Kanuka78) to 0.77 (Kanuka42) and 0.33 (Kanuka38) to 0.82 (Kanuka71), respectively.
CONCLUSIONS
We developed 24 polymorphic SSR markers for New Zealand kānuka species, based on Roche 454 sequencing of total genomic DNA. We optimized 16 markers for multiplex genotyping of 10 Kunzea species endemic to New Zealand. The cross-species compatibility of these markers suggests suitability for other closely related species.
Despite low sample numbers per species and varying sample numbers per population, we observed high polymorphism in each species, indicating that the markers are valuable for intraspecific phylogenetic and population structure studies of kānuka.
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